Aggression in humans is associated with substantial morbidity and mortality. In this study we report on the aggressive behavior syndrome (AGG) in young children as defined by the Child Behavior Checklist (CBCL) and the Teacher Report Form (TRF). We assessed aggression in a large sample of Dutch twins at ages 3, 7, and 10 years. The purpose of this study was three-fold. First, we determined the number of children who are "clinically deviant" on the AGG scale. Second, we assessed the genetic and environmental contributions to AGG for the maternal, paternal, and teacher ratings at each age, for boys and girls. Third, we explored issues of rater bias by analyzing parental and teacher data simultaneously. CBCL data were available from mothers on 6436 three-year-old, 5451 seven-year-old, and 2972 ten-year-old twin pairs and CBCL data from fathers on 4207 three-year-old, 4269 seven-year-old, and 2295 ten-year-old twin pairs. Teacher report data from the TRF were collected for 1036 seven-year-old and 903 ten-year-old twin pairs from the Netherlands Twin Registry. Structural equation modeling was employed to obtain genetic and environmental estimates at each age. Analyses were conducted separately by age and informant, as well as simultaneously, for all informants. Differences in raw scores across gender were found, with boys being rated as more aggressive than girls by all informants. Mothers reported more symptoms than fathers, who reported more symptoms than teachers. Evidence for moderate to high genetic influence (51%-72%) was seen for AGG by all three informants at all ages with only small sex differences in heritability estimates. Best fitting models for AGG by parent reports also included a small contribution of common environment. The largest sex differences in heritabilities were seen at age 10. Contributions of common (13%-27%) and unique (16%-31%) environment were small to moderate. There was some evidence of genetic dominance by teacher report for 10-year-old girls.
INTRODUCTION
Human aggression can be described in many ways. The purpose of this paper is to report on aggressive behavior as defined by the aggressive Syndrome (AGG) of the Child Behavior Checklist (CBCL; Achenbach, 1991a) and Teacher Report Form (TRF; Achenbach, 1991c) . The AGG syndrome (see Table I for a complete description of AGG items) is associated with negative behavioral outcomes and has been shown to be a good predictor of DSM oppositional defiant disorder (ODD) in young children and conduct disorder (CD) in older children. Loeber et al. (2000) describe the essential features of ODD as "a recurrent pattern of negativistic, defiant, disobedient, and hostile behavior toward authority figures, which leads to impairment, and the essential features of CD are a repetitive and persistent pattern of behavior in which the basic rights of others and major age-appropriate societal norms or rules are violated." It is estimated that approximately 50% of youth who meet criteria for CD will later meet criteria for antisocial personality disorder (ASPD; Burke et al., 2000) . Several studies (Biederman et al., 1993; Chen et al., 1994; Steingard et al., 1992) have reported that the AGG syndrome is not only a strong marker of DSM-ODD, it is also useful as an indicator of CD. In a U.S. sample, 100% of children with a T score Ͼ67 (which corresponds to a raw score on AGG in the top 5% of the distribution) on AGG fulfilled DSM-III-R ODD criteria (Chen et al., 1994) . In a family study, we tested AGG as a predictor of DSM-IV ODD and found AGG to be a highly sensitive and specific predictor in both probands and their siblings with ODD .
AGG in childhood appears to be a stable characteristic that persists into adulthood. For example, Verhulst and Koot (1991) studied the stability of parent-reported behaviors in a Dutch longitudinal sample of 4-to 16-year-old children. Correlations for aggressive behavior ranged from .55 to .67 for 2-, 4-, and 6-year age intervals. AGG raw scores are higher in boys than girls and decrease with age in both genders (e.g., see Stanger et al., l997, and Figure 1 ). AGG raw scores also differ by informant, with mothers rating more AGG than fathers who rate more symptoms than teachers (Achenbach, 1991a (Achenbach, , 1991b .
Many, if not most, studies to date on the prevalence and heritability of AGG have been carried out in samples of children of different ages, raising the possibility that age differences may affect the results. One of the aims of our work is to determine the raw scores of AGG by age, gender, and informant to determine if any of these factors affect the genetic and environmental influences on AGG. Each is discussed in some detail. 
Genetic Influences on Human Aggressive Behavior
There is evidence that AGG, as measured from parental report data by the CBCL, is a heritable trait. Edelbrock et al. (1995) reported genetic variance of 50% for AGG and shared environmental variance of 15%. Ghodsian-Carpey and Baker (1987) reported a heritability coefficient (h 2 ) of 94% for AGG. van den Oord et al. (1996) found both genetic (69%) and shared environmental influences (12%) on AGG in one of the first studies from the Netherlands Twin Registry. The analyses were based on data from over 1300 Dutch 3-yearold Dutch twin pairs. For the broad-band Externalizing (EXT) Scale of the CBCL, which includes the AGG syndrome, van der Valk et al. (1998 van der Valk et al. ( , 2001 van der Valk et al. ( , 2003 reported also genetic and shared environmental influences for EXT in Dutch twin pairs at ages 3 and 7 years. At age 3, a significant positive sibling interaction for externalizing behavior was found, indicating cooperation between two children of a twin pair. Further, analyses with partly overlapping samples at ages 10 and 12 years indicated significant influences of genetic and shared environmental factors (Bartels et al., 2003a, b) . Hudziak et al. (2000) in a study of twins from age 8-12 years in a U.S. twin population reported a heritability of 61% for males and 69% for females for AGG. Others, using different measures of aggression have also argued for genetic influences of aggressive behavior (Bergeman and Seroczynski, 1998) . In a recent article by Vierikko et al. (2003) , aggressive behavior was measured in a large sample of 11-to 12-year-old twin pairs. The aggression measure was a six-item scale derived from the Multidimensional Peer Nomination Inventory as reported by parents and teachers. Vierikko et al. (2003) reported significant genetic and common environmental influences on aggression. In addition, sex-specific findings were reported that vary by informant. For both parental and teacher ratings, boys showed lower levels of heritability and higher levels of shared environment than girls. In addition, the teacher rating data also suggested the presence of either sex-specific genetic effects (heterogeneity) or sex-specific shared environmental effects. In a meta-analysis, Miles and Carey (1997) reported an overall genetic effect that accounted for half of the variance in aggression. In addition, they reported heritability estimates that varied by age. In the young (l8 years or younger), both genes and common environment were important, but for adults genetic influences were identified as the primary influence on AGG behavior. Rhee and Waldman (2002) conducted a metaanalysis to estimate the heritability on antisocial behavior and reported age differences. For children (below age 13), adolescents (age 13-18), and adults (above age 18), both genetic and common environmental factors were important, but the magnitude of the environmental influences decreased as age increased. Finally, there are reports of relations of candidate genes to aggressive behavior. Schmidt et al. (2002) , reported that children with the long repeat allele of the DRD4 gene had significantly higher scores on CBCL AGG at age 4 than children with the short alleles. Caspi et al. (2002) reported on a functional polymorphism of the MAOA gene in interaction with childhood maltreatment as it relates to the development of violent aggressive behavior at adult age. In this publication, maltreatment was reported to confer greater risk for antisocial behavior, providing evidence for gene-environment interaction. Brunner et al. (1993) reported an association between a null allele at the MAOA locus that was related to antisocial behavior in a large Dutch pedigree.
Development and Aggression
Aggressive behavior is common in humans and typically diminishes with age ( Figure 1 ). Therefore when attempting to study AGG, it is important to take into account developmental findings. For example, a maternal report of a raw score of 8 for a boy at age 6 would be considered as falling in the statistically "normal" range, where the same score at age 12 would yield a score that falls in the "clinical range." AGG is not the only behavior that changes over time. Delinquent behavior scale scores tend to first decrease then increase over the course of normal development (Stanger et al., 1997) . In this paper we report on analyses of data that control for age in twins studied at successive developmental periods. The onset of antisocial behaviors such as AGG has been the focus of a considerable amount of research (e.g., Moffitt, 1993) . The analyses reported in this paper are cross-sectional rather than longitudinal, but the different age-groups allow the study of genetic and environmental contributions to AGG from the very young (age 3) into childhood (age 10).
Gender and Aggression
Figure 1 is also instructive in that it demonstrates differences in the raw scores of AGG between boys and girls at all ages. Gender plays a key role when deviance on behavioral rating scales is estimated. For instance, a raw score of 7 for a boy at age 10 is in the normal range, but the same score would be in the deviant range for a girl of the same age. Such differences in raw scores between genders must be taken into account when analyzing behavioral data. Genetic studies of childhood psychopathology should allow for potential gender differences in the manifestation of genotypes. According to Hartung and Widiger (1998) , of the 21 disorders usually first diagnosed before adulthood, 17 have higher prevalence in boys than girls. They enumerated several sources of error that could generate or exaggerate gender differences in rates of psychopathology, most notably sampling biases and biases within the diagnostic criteria, concluding that "there may not be a mental disorder for which there are not important gender differences in the manner in which the disorder is expressed." (p. 274). Nowhere is this truer than in the study of childhood aggression and oppositional conduct disorder/conduct disorder (ODD/CD). Boys are more often diagnosed with ODD/CD (Last, 1989; Lewis and Miller, 1990) . In this study we will estimate the prevalence of AGG by analyzing T scores that have been standardized by gender, by three different informants (mothers, fathers, and teachers) to determine if clinically deviant AGG is more common in males than females. Once accomplished, we will then analyze these data using gendergenetic models to determine if there are gender differences in the genetic architecture of AGG.
Informants and Aggressive Behavior
When studying emotional/behavioral disorders in children, researchers often depend on parents as informants. Parents usually only moderately agree on how to best describe their child's behavior. On average the correlations between mother and father reports on CBCL syndromes is .59, but the interparent agreement on reports of AGG is often higher. In fact, the correlations of AGG in the CBCL/2-3 were .71 (Achenbach, 1992) . Mothers report higher raw scores than fathers. Boys typically have higher scores than girls (Achenbach and Rescorla, 200l ) by all informants.
Although agreement is higher with measures of AGG than other syndromes, it remains true that differences exist in the way in which mothers and fathers report on their children. Informant differences are even more robust when comparing parent reports to teacher reports. The cross-informant correlations between teachers and parents for reports of AGG are consistently in the 0.38 or lower range (Achenbach and Rescorla, 2001) . One reasonable way to consider the lack of agreement is that each informant is commenting on different behaviors based on their relationships with the child. For instance, mothers report what mothers see, which may be different from a father's or teacher's perspective. Another source of rater disagreement can be rater bias. This bias (Neale and Stevenson, 1989; Hewitt et al., 1992) could arise if the parents' own traits influenced ratings (a projection bias), or if parents exhibited response biases (e.g., stereotyping, employing different normative standards, or having certain response styles, i.e., judging problem behaviors more or less severely). Further, in studying the etiology of childhood psychopathology using twin pairs and parental/teacher ratings, contrast effects could be of significance (Carey, 1986; Eaves, 1976) . The importance of contrast effects has been studied mainly for ADHD and attention problems (e.g., Simonoff et al., 1998; Rietveld et al., 2003a) and is suggested for traits that show low to very low DZ correlations in addition to variance differences between MZ and DZ twins. Such trends in the data are typically not seen for AGG, and contrast effects thus do not seem to play an important role.
The results for aggression suggest an influence of common family environment. We investigate if the magnitude of these common environmental influences on AGG changes by informant. Specifically, we test models that estimate rater bias, because the phenotype that different raters agree on usually tends to be less influenced by common environmental contributions. Our datasets with AGG rated by mothers, fathers, and teacher offer the opportunity to disentangle sources of rater agreement and disagreement. These analyses are important to perform, because if rater bias exists, and is not tested for, the resulting findings may include an overestimation of shared environmental influences on AGG. Therefore we fit a psychometric rater model on the mother, father, and teacher reports at age 3, 7, and 10 years. Previous studies of externalizing problems on the significance and magnitude of rater bias and rater-specific views showed that rater bias accounted for at most 15% of the total variance. Four percent to 10% of the total variance was accounted for by the rater-specific views. After correcting for an overestimation of shared environment by rater bias, significant but small influences of shared environmental factors on externalizing behavior at age 3,7, 10, and 12 were still found (Bartels et al., 2003a, b; van der Valk, 2001 van der Valk, , 2003 .
In summary, studies on AGG in general population samples reveal it to be a common and stable condition. In clinical studies, AGG has been shown to be predictive of DSM ODD and CD, which in turn are highly predictive of adult antisocial behavior (ASPD; Robins and Rutter, 1990) . In twin studies, AGG has been shown to be heritable and also influenced by common environmental factors (Rhee and Waldman, 2002) . ODD/CD and ASPD in turn have been shown to be influenced by both genetic and environmental factors and associated with profoundly negative adult behaviors and outcomes. Twin studies of AGG can be interpreted as shedding light on the genetic contributions to a developmental syndrome that often precedes more severe forms of adult psychopathology, including, but not limited to, antisocial personality disorder.
This article comments on the genetic and environmental influences on AGG as measured across a severity continuum. The genetic and environmental estimates presented in this report comment on nonpathological as well as pathological levels of AGG. We provide distributions of raw scores of the sample, by age, gender, and informant that indicate what percentage of the sample falls in the statistically deviant range, and therefore, are at risk for ODD, CD, and ASPD. This is the first report that we know of that presents cross-sectional analyses of AGG on twins when they were 3, 7, and 10 years old. These analyses are unique in that they provide cross-sectional and raterbias models of different informants (mothers, fathers, and teachers) on the same children.
METHOD

Subjects and Procedure
The data of the present study are derived from a large ongoing longitudinal study, which examines the genetic and environmental influences on the development of problem behavior in families with 3-to l2-yearold twins. The families are volunteer members of the Netherlands Twin Register, kept by the Department of Biological Psychology at the Vrije Universiteit in Amsterdam (Boomsma, 1998; Boomsma et al., 2002) . From 1986 families with twins are recruited a few months after birth. Currently, 40%-50% of all multiple births are registered by the Netherlands Twin Registry. For the present study, we included data of 3-and 7-years-old twin pairs from cohorts 1986-1994, and of 10-year-old twin pairs from cohorts 1986-1991. Parents of twins were asked to fill in questionnaires about problem behavior for the eldest and youngest twin at ages 3, 7, and 10 years. After 2 months a reminder was sent to the nonresponders, and after 4 months those who still did not respond were telephoned. This procedure resulted in a response rate (at least one questionnaire was returned) of 77% for age 3. From ages 3 to 7, and ages 7 to 10 the continued participation was 80%. At ages 7 (available for cohort 1992-1994) and 10 (available for cohort 1989-1991), teachers were asked to fill in the Teacher Report Form. Permission to approach teachers was obtained from the parents. After 2 months a reminder was sent to the nonresponders.
For 822 same sex twin pairs zygosity was based on blood group polymorphisms (n = 424) or DNA (n = 398). For the remaining twins, zygosity was determined by questionnaire items, filled by the mother, about physical similarity and frequency of confusion of the twins by family and strangers (Goldsmith, 1991) . The classification of zygosity was based on a discriminant analysis, relating the questionnaire items to zygosity based on blood/DNA typing in a group of same-sex twin pairs. The zygosity was correctly MZM  1045  685  922  733  181  525  418  153  DZM  1057  710  894  704  160  470  346  140  MZF  1213  788  1064  828  214  617  479  202  DZF  990  649  852  655  151  455  359  125  DOSm_f  2131  1375  1719  1349  330  905  693  283  Total  6436  4207  5451  4269  1036  2972  2295  903 classified by questionnaire in nearly 95% of the cases (Rietveld et al., 2000) . A family was excluded when one of the twin pair had a disease or handicap that interfered severely with normal daily functioning (about 2%). Table II gives an overview of the number of families with complete twin pairs. Socioeconomic status (SES) was obtained from a full description of the occupation of the parents when the children were 3 years of age. The level of occupation was coded according to the system used by Statistics Netherlands (CBS, 1993) . The code was based on the mental complexity of the work and ranged from low skilled to scientific work. An earlier comparison of the parental SES distribution with those obtained for the general Dutch population showed a slightly higher frequency of the middle and higher SES groups (for details see Rietveld et al., 2003b) .
Attrition rates as well as a detailed discussion on the representativeness of the sample at each age are discussed in detail elsewhere in this special issue .
Measures
At age 3, behavior was measured with the CBCL/2-3, a questionnaire that included 100 items that describe specific behavioral, emotional, and social problems (Achenbach and Rescorla, 2000) . Parents were asked to rate the behavior that the child displayed now or within the past 2 months on a 3-point scale: 0 if the problem item was not true, 1 if the items were somewhat or sometimes true, and 2 if it was very true or often true. The syndrome aggressive behavior is constructed for the Dutch population (see (Koot et al., l997) ) and is comparable with the syndrome scale as developed by Achenbach (1992) .
At ages 7 and 10 years problem behavior was measured with the CBCL/4-18 (Achenbach, 1991a) , a questionnaire of 118 items developed to measure problem behavior in children 4-18 years old. Again parents were asked to rate the behavior of the child of the preceding 6 months on a 3-point scale. The aggressive behavior syndrome contains items that partially overlap with the CBCL/2-3. For the CBCL/4-18 eight syndrome scales were composed according to the 1991 profile (Achenbach, 1991a, b) . In the present study, subjects with more than three missing items were not included in the analyses. This occurred in less than 2.5% of the received questionnaires filled out by the mother when the twins were aged 7 and 10 years.
At ages 7 and 10 teachers, using the Teacher's Report Form (TRF), also rated problem behavior (Achenbach, 1991c) . The psychometric properties of the TRF, like those of the CBCL are described in detail elsewhere (Achenbach and Rescorla, 2001 ). Teachers were requested to rate behavioral problems as 0, 1, or 2, like the rating of the CBCL, based on a 2-month period. The items for both the CBCL and the TRF are presented in Table I .
Statistical Analyses
The generalized Linear modeling procedure (GLM) (SPSS version 10.0 for Windows) was used to test for mean differences between raters (father and mother), gender, and ages. For each age, the AGG scores of father and mother reports were analyzed as the dependent variables, with sex as the betweensubjects factor and rater as the within-subjects factor. To test for age differences (only between ages 7 and 10), the within-subjects factor age was added into the model. For the teacher report, in the GLM the AGG scores at age 7 and 10 were used as dependent variables, and sex and age (age 7 and 10 were independent groups) as between-subjects factors. Analyses were conducted separately for the oldest and youngest of the twin pair, because due to their genetic relatedness their data are not independent. Means and standard deviations were estimated using Mx (Neale et al., 1999) . PRELIS 2 was used to obtain the variance-covariance matrices of the observations, separately for each agesex-by-zygosity group. These matrices were used as input for the single-informant genetic analyses. Structural equation modeling was employed to obtain estimates of the genetic and environmental contributions to the observed variances and covariances between measures. These analyses were conducted in Mx, using maximum likelihood estimation of parameters. The confidence intervals for the estimated genetic and environmental parameters were also obtained from Mx.
Technical details of genetic model-fitting analyses are reviewed elsewhere (Neale and Cardon, 1992) . Figure 2 summarizes the fundamental univariate genetic model that underlies these analyses. This model was used to estimate the additive genetic (A, additive effects of genes at multiple loci), dominance genetic (D, interaction of genetic effects at the same loci), common or shared environment (C, shared among members of the same household), or nonshared environment (E, unique to the individual) effects. The circles represent the latent, unmeasured factors. Correlations between latent factors were 1.0 for MZ and 0.5 (for A) and .25 (D) for DZ pairs. The environment shared by two members of a pair (C) is assumed not to depend on the zygosity of the twins. The unique or nonshared environment is by definition, uncorrelated between two members of a pair. Estimates of the unique environmental effects also include measurement error (Eaves, 1982; Plomin et al., 1997) .
First, an ADE or ACE model with parameters allowed to differ between genders was fitted to the data. Different models were evaluated on the basis of their goodness-of-fit (chi-squared statistic). The associated degrees of freedom equal the number of statistics minus the number of estimated parameters. The significance of the C or D was tested by dropping this parameter. Sex differences were tested by constraining the parameters to be equal across gender. When sex differences appeared to be significant, a scalar sex-limitation model was tested. In this model a difference in total variance between boys and girls is allowed, but the relative contributions of genetic and environmental influences are the same for boys and girls. Comparison of models was also done by the use of Akaike's Information Criterion (AIC; Akaike, l987), which is a goodness-of-fit index that takes parsimony (i.e., number of parameters) into account. The AIC is the 2 minus two times the degrees of freedom.
Psychometric Rater Models
To gain insight into the magnitude of rater-specific views and rater bias and to get an impression of how rater bias might affect the results, a second series of analyses were carried out. Based on prior studies (Bartels et al., 2003a, b; van der Valk et al., 2001 van der Valk et al., , 2003 , we used the psychometric model to disentangle sources of rater agreement and disagreement. For a full description of the psychometric model see Bartels et al. (2003c, this issue) . In short, the variance-covariance matrix of AGG rated by mothers, fathers, and teachers for twin 1 and twin 2 can be decomposed into a matrix of genetic, shared environmental, and nonshared environmental variances for behavior similarly assessed by all raters and for parts of the behavior on which raters disagree. Disagreement between raters in this model can be caused by rater-specific behavioral views, leading to different but valid information of each rater. The psychometric model tests this possibility by examining whether there are significant genetic effects on the rater-specific part of each rater's rating. If the behaviors uniquely rated by the parents or teacher are shown to be influenced by the genotype of the child, the rater must have been assessing a "real" but unique aspect of the child's behavior. Error and unreliability cannot cause the systematic effects necessary for the model to estimate these genetic influences. Disagreement can also be caused by rater bias, which will confound the rater-specific shared environmental effects. Rater bias that represents for instance certain response styles, stereotyping, or the use of specific normative standards will be estimated in the rater-specific shared environmental factors, because the rater will bias the ratings of both children of a twin pair in the same way. To make optimal use of all available data, these analyses were carried out on the raw data. Table II describes the number of twin pairs, by gender, zygosity, and age. The sample size decreases by age by virtue of the fact that this is an ongoing longitudinal study in which we add newborn twins annually. The sample size decreases by informant, with mothers providing more responses than fathers and fathers more than teachers. Questionnaires from fathers were not collected for a period of around 3 years, and we only recently began collecting teacher data. At all ages and by all informants, boys were reported to have higher raw scores on AGG than girls. Table III presents the calculated prevalence for deviance on AGG, by informant and gender, at each age in two ways. First we applied the cut-points as Koot et al. (1997) did, to determine what percentage of our twin sample would be considered deviant by the standard set forth from analyses of a sample of nonreferred Dutch children. The Koot et al. cut-points were developed by determining a raw score cut-off that identifies the top 5% of scores on AGG as deviant (e.g., fell in 95th percentile or greater this corresponds to a T score of 67). In addition to simply applying the cut-points from the Dutch normative sample, we also computed T scores on our twin population. We did this for two reasons. One to provide a basis for comparison, and second, because each of our samples are larger than the original Dutch normative sample, we wanted to compute T scores for each informant, for each age, for each gender, rather than compute T scores averaged across ages 4-11 and 12-18, as were reported by Koot et al. (1997) . We would expect that our samples would have somewhat higher rates of clinical deviance than a nonreferred population because in our twin sample we did not exclude "cases."
RESULTS
In the case of the 3-year-old boys and girls, roughly 8% of the boys and girls exceed both the Koot/Verhulst and the Twin Sample community borderline cut-off of a T score of greater than 67. In this instance, it did not matter whether we used the nonreferred community standard or the twin standard cutpoints. Although it may be difficult to distinguish true problematic aggressive behavior of 3-year-olds from age-related manifestations of normal development, these distributions yield evidence that approximately 8% of the children are rated as deviant on the AGG scale. In comparison with other reports on pre-school rates of psychopathology and related behavior problems, these percentages appear to be consistent to quite modest (Campbell and Cueva, 1995; Koot et al., 1997) . The data for the 7-and 10-year-old age-groups indicate that between 4%-9% of boys and of girls exceeded a T score of 67 on reports of AGG, and thus may be at risk for DSM-ODD/CD. Because of our much larger sample, we are able to compute age-and genderspecific cut-points, which provide a more consistent finding, that equal numbers of girls as boys meet criteria for clinical deviance on AGG. To put this in a clinical context, Biederman et al. (1993) , Steingard et al. (1992) , and Chen et al. (1994) , have all reported that children who exceed a T score of 67 on AGG are likely to meet criteria for DSM-III-R ODD. Given these data, equal numbers of girls and boys would be at risk for DSM-ODD based on their AGG scores, yet six times more boys than girls are diagnosed with DSM-ODD . These data raise the possibility that the lack of gender normative data for DSM ODD symptoms lead to the under diagnosis, and thus treatment, of ODD in girls. Table IV describes the means and variances on the measures of AGG by age and gender for Maternal (M), Paternal (P), and Teacher (T) reports. Lower total mean scores on the 3 year-old twin sets are affected by the differences in the total number of items on the 2/3 CBCL AGG syndrome (9) versus the total number of items on the 4-18 CBCL (20). As also found by Stanger et al. (1997) It should be reiterated that the 3-year-old CBCL AGG scale is different than the scale for 7-and 10-year-olds. Unfortunately, direct comparisons via standardization of scores based simply on the number of items cannot be done because the items themselves emerged from factor analyses that indicated that many of the AGG items in the CBCL/4-18 simply are not reported often enough for 2-to 3-year-old children to be included in factor analytic results. Therefore, although we could standardize based simply on the number of items, it would not do justice to the fact that not only the number of items change across development so does the magnitude of the factor loadings. For boys and girls, we noted an increase in AGG from age 3 to age 7, but given the differences in the number of items on the CBCL/2-3 (10 items) and the CBCL/4-18 (20 items) we did not compute for statistical significance here. It is unclear what differences account for how teachers vs. mothers and fathers report on their children's AGG behavior; however, a number of explanations have been suggested. These include the different setting the child is in during the rating period, differences in interaction between rater and subject, and differences in the TRF AGG scale construction.
Twin correlations are provided in Table V . MZ twins show high correlations by all informants. These are approximately .70 by TRF for all age-groups and approximately .80 by M(other) and F(ather) by all agegroups. The size of these correlations were stable for both genders by M and F reports at ages 3, 7, and 10 and for T reports at ages 7 and 10. This suggests that parents and teachers continue to report AGG behavior in a fairly reliable way, even in the face of diminished raw scores across development, and across measures (CBCL/TRF). An estimation of the influence of the environment unique to the individual is obtained after subtracting the monozygotic correlation from unity. This calculation suggests that around one fifth of the Note: r(M,F) ϭ Interparent correlation; r(T,M) ϭ correlation between teacher and mother rating; r(T,F) ϭ correlation between teacher and mother rating. In the last four columns the interparent correlations and correlation between teacher and mother ratings is given.
total variance for AGG by M and F reports and one quarter by T reports of the total variance AGG is explained by the unique environment. DZ correlations are moderate and stable for all groups by M and F report. By TRF the DZ correlations are smaller. DZ correlations are greater than half of MZ correlations at all agegroups by all informants, except TRFs on females at ages 7 and 10 years. Thus, if at all, one would expect genetic dominance to be important only for TRFs reports on females. The final columns of Table V give the across M and T correlations on AGG at ages 7 and 10. Correlations on M and T report range from .33 to .38 (for boys) and from .26 to .30 (for girls) across ages 7 and 10. The correlations between F and T are comparable with the M and T correlations. These acrossinformant correlations are consistent with what Achenbach (1991c) reported for the CBCL-TRF correlations in a U.S. normative sample and what Verhulst and Koot (1991) reported for a Dutch normative sample. The data on the lower correlations between mothers and teachers on measures of AGG in girls is particularly interesting. We have found a similar result in a study of mother and teacher reports on DSM-IV ODD symptoms. Teachers report fewer symptoms than parents and teacher's reports on boys more closely resemble parental reports than they do for girls. The data may provide a window on why more boys than girls are referred for clinical care for the AGG/ODD behavioral problems than girls. Simply put, it appears that girls are able to modify their AGG/ODD behavior in school settings better than boys.
Genetic Modeling
We fitted a series of models that tested for the relative contribution of additive genetic (A), dominant Note: Bold models were the best fitting models. Note: Bold models were the best fitting models.
genetic (D) or common environment (C), and unique environmental (E) influences. Note that estimating D and C at the same time is not possible in a design using only twin MZ and DZ twins reared together. In each model we tested for differences across gender. When sex differences appeared, a scalar sex-limitation model was tested. The data are presented by informant, age, and model. For each analysis, only competing or best fitting models are presented. Hence, for analyses of M and F data, we present ACE and AE models with and without gender differences. The best fitting models for the parent ratings were ACE models with and without gender differences (see Table VI ). This was true for all ages and both raters. A scalar sex-limitation model, in which the total variance was allowed to differ between boys and girls, gave a better fit to the data for F at age 10. A slightly different set of candidate models emerged for the T analyses. The best fitting models for T reports varied by age (see Table VII ). For 7-year-old pairs an AE-scalar model, while for 10-year-olds an AE model for boys and an ADE model for girls were found. The estimates of the additive genetic, dominant genetic, shared, and unique environmental contributions to the total variance are summarized in Table VIII . Additive genetic influences accounted for 51%-71% of the variance, shared environmental influences for 12%-27%, and unique environmental influences for 16%-23% of the variance for reports on males at ages 3, 7, and 10. Genetic influences for boys were lowest (51% by father) at age 3. Genetic and environmental influences were relatively stable across development for boys by both parent and teacher reports. For girls, the additive genetic influences accounted for between 52% and 69% of the variance, shared environment for between 15% and 27% of the variance, and unique environment for between 16% and 31% of the influence. Over ages, the magnitude of genetic and environmental influences on AGG behavior are relatively stable by M and F report.
Our final model aimed to determine the percentage of AGG that is similarly assessed by all raters versus the aspects that are unique to each rater. The results are summarized in Table IX . When AGG similarly assessed by all raters is taken into account, the heritability is in the range of 60%-79%. This heritability estimate is quite stable over gender and age. Idiosyncratic experiences (without measurement error) explain 10%-15% of the behavior similarly assessed by all raters. If the results of the rater analyses are compared to the analyses per rater (Table VIII) , the expected change in shared environmental influences, and accordingly change in heritability, is observed. However, as can be seen in Table IX , rater bias, defined as rater-specific C accounts for 16% of the total variance at most. As expected, teachers provide additional information on the child's behavior, represented by relatively large estimates for rater-specific A for teachers.
DISCUSSION
In this cross-sectional study of AGG behavior in twins at ages 3, 7, and 10 we have demonstrated a number of important findings. First we have replicated the findings of Stanger et al. (1997) that ratings of aggression decrease over the 7-year developmental period encompassed by our data base. Second, we have confirmed that boys are consistently rated as more aggressive than girls at all ages by all informants. Further we demonstrated that mothers report more symptoms of AGG than fathers, who report more symptoms than teachers. This conforms to the reports of Verhulst and Koot (1991) in their general epidemiological study.
We demonstrate that AGG is as common in girls as it in boys for children ages 3 to 10 years. Our data indicate that clinically deviant scores on AGG are more common than on other behavioral problems such as attention problems . Between 4% and 9% of boys and girls in this study were reported to exceed a T score of 67 by mother, father, or teacher report. These data allow the reader to get a sense of the prevalence and the severity associated with AGG behavior. As stated earlier, others have repeatedly demonstrated that a T score of greater than 67 on AGG predicts DSM ODD and CD. Given the findings that AGG predicts ODD/CD, which, in turn, predicts risk for substance use disorder and adult antisocial personality disorder, these findings represent significant evidence for addressing AGG as a health care problem.
A second remarkable finding is the consistent magnitude of the gender/genetic effects on AGG. Despite the variance seen in raw scores across gender, age, and informants, the magnitude of the genetic and environmental contribution to AGG is relatively stable. Even though raw scores decrease as a child ages, the magnitude of the genetic influences on these behaviors remains about the same. In a related paper in this issue (van Beijsterveldt et al., 2003, this issue) longitudinal genetic models are fit to test whether or not the genetic and environmental influences identified here at each successive age are due to the same or new genetic or environmental factors. These data, taken together, indicate that AGG is a highly heritable behavior, with genetic effects explaining the majority of the influence at each age.
Despite the differences in informants, the lack of correlation often seen among maternal, paternal, and teacher reports, genetic modeling results in general agreement about the magnitude and nature of the genetic and environmental contributions to AGG behavior. The two sources of information, that is, parental and teacher ratings, also led to some differences. Analyses of maternal and paternal CBCL reports provide consistent evidence of additive genetic and shared and unique environmental influences across development. Teacher reports provide no evidence of shared environment. Teacher reports on males indicate high additive genetic (70%) and modest unique environmental contributions to AGG behavior (30%). The results agree with an adoptive sibling study that examined CBCL AGG in middle childhood, which reported genetic influences on AGG for parents and teacher ratings. Shared environmental influences were only found for parent's ratings of AGG (Deater-Deckard and Plomin, 1999) . Reasons for these rater differences may be that the TRF and CBCL AGG measure not the same behavior or that both type of raters observe the child in different situations, possibly with their own biases. This is in agreement with the results of the psychometric rater model that showed that the teacher ratings contained a substantial individual view component.
In addition to providing data based on multiple raters separately, insights into the etiology of rater disagreement is presented as well. The majority of the influence on AGG, either common to all raters or rater specific is additive genetic. The influence of C was either absent or, when present, quite modest. Rater bias accounts for 10%-15% of the total variance at most. The use of multiple raters is recommended, especially when considering the additional information a teacher provides is taken into account. So although father and mother provide significant (but small) rater-specific data, teacher data provide much more specific information than is provided by mother or father alone or together. Therefore in studies on the genetics of AGG it will be important to include teacher data to obtain a full picture of AGG.
These studies support further molecular genetic investigations into AGG and antisocial behavior by providing evidence of genetic influences on AGG. Given the robust genetic influences reported here at each age by all informants, it will be important to pursue approaches that aim to determine which genes contribute to these very serious behavioral problems. Given the Caspi et al. (2002) findings that environmental factors interact with genotypes in the development of antisocial behavior, studies that aim to determine the molecular genetic contributions to AGG should consider directly measuring environmental contributions to phenotypic identification. It will be important to consider environmental factors by gender, given our findings on gender differences. Such work could lead to a change in how AGG and antisocial behaviors are diagnosed, perceived, and treated. The notion that ODD/CD is intractable must be questioned to make advances in therapeutics .
Research that considers discrete genetic and environmental contributors to these behaviors may identify targets for treatment.
Taken together, our data indicate AGG to be highly heritable across ages, gender, and informant. Further, estimates of prevalence of the extreme phenotype indicate that AGG and its corollary DSM diagnoses (ODD/CD) are quite common. Although the direct relations between high AGG scores and DSM-ODD were not directly tested in this study, multiple prior studies have provided evidence that children who fall in the top 5% of the AGG scoring distribution are at risk for ODD. Thus these data indicate that AGG and possibly ODD represent a highly prevalent and therefore important health care problem. These relations are the focus of an ongoing study in which we combine CBCL and DSM assessments in large numbers of twin pairs.
When interpreting these results it will be important for the reader to remember that this longitudinal study was carried out in a normal population, rather than a clinical population. First, the analyses of AGG on these twins at different ages are not independent of each other, as these are the same twins, just studied at different ages. This, of course, is one of the main points of our design and this report. We wanted to study the same children in order to be assured if there were major changes in the magnitudes of genetic or environmental influences on AGG so we could be assured that it was not accounted for by having different children in the samples at different ages. Second, AGG was measured across the behavioral spectrum, with some of the twins having very low scores on AGG and others high scores, with the majority in between. The stability and change data presented here are group data and do not reflect individual cases. Thus children who are low on AGG at one time point are likely to be low at a second, similarly a child who is high at one time point is expected to be high at a second time point, given the stability data presented. Whether or not this is true for a specific child is not addressed in this paper. Finally, it is clear that high scores on the AGG scale are associated with significant psychopathology (Hudziak et al., in press) such as ODD and CD and later antisocial personality disorder (ASPD). It is less clear, however, what moderate or low scores on the AGG scale might mean. Moderate scores on AGG may actually be beneficial to the child, whereas extremely low scores may be associated with unfavorable behavioral traits of anxiety and avoidance. Thus one should be careful when interpreting this data for individual cases. Finally, in all cases we find moderate environmental influences on AGG, and thus the argument that all AGG behavior is genetic is not made or supported by these reports.
